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(54) Cardiac lead with composite Insulating structure 



(57) A lead (1 0; 40; 50) fDr implantation in a human 
body exhibits improved combined biodegradatioa blood 
surface compatbiltty. wear and flexibility characteristics. 
The lead includes at least one electrode (18; 58) and at 
least one conductor (20) connecting the electrode to a 
connecta (22; 62) at the proximal end of the lead. An 



outer insulation (26) surrounds the at least one conduc- 
tor, and includes a first insulation (28) fomied of silicone 
encircling the at least one conductor, and a second 
insulation (30) tbnned from polyuretiiane encircling the 
siQcone rubber insulation. 
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Description 

BACKGROUND OF THE INVENnOM 

The present Invention generally relates to a lead for s 
implantation in a human body and for use with an 
implantable cardiac device, such as a pacemaker or 
cardiovertor/ defibrillator. TTie present invention is more 
particutarly directed to such a lead having a composite 
irisulating structure formed from t\MO different insulating 10 
materials, one overlying the other, which results in a 
lead having superior overall characteristics including, 
for example, improved mechanical properties, improved 
resistance to biodegradatioa and improved bfood sur- 
face compatibilrty 15 

Implantable leads for implantable cardiac devices, 
such as pacemaker^ and cardiovertors/defbrillators, 
are well known. Such a lead generally includes one or 
more electrodes for making electrical contact with a 
patient*s heart a connector for connecting the lead to 20 
the implantable device, and one or more conductors for 
coupling the electrode or electrodes to the corinedor.. 
The lead also includes an outer insulation lor electrically, 
insulating the conductor or conductors so that only the 
electrodes may make electrical, contact with the 25 
patient's body tissue, kieally. the outer insulatk}n for this 
intended use should.posses&a number preferred char- 
acteristics. 

One such characteristk; relates to flexibility. Gener- 
ally, the more flexible a lead is. the less trcUima is 30 
induced to the pat'enfs tissues by implanted lead pres- 
sure. The flexibility of lead insulation is an important fac- 
tor in the overall flexibility of a lead. Hence, it is highly 
desirable for the lead Insulatiori to be flexible. 

Another preferred characteristic of such insulators 3S 
relates to thar mechanical properties. It is preferable 
that such insulators have good tensile properties so 
that in spite of unavoidable manipulation of a lead dur- 
ing implant the stnjctural integrity of the lead is main- 
tained. It is further preferable that the outer insulation 40 
material have resistance to abrasive wear in the event 
that the lead njbs against another lead, anottier 
implanted device, or anatomical structure while in use 
after implantatton. 

Bioslability is another characteristic important to 45 
irapIantable?leadsz:and^more;particularty to the insula- 
tion material used as the lead outer insulatioa Biostak)il- 
ity relates to the ability of a lead insulation material to 
resist degradation in the implant (in vivo) environment 
Of ttie many in vivo degradation mechanisms t>elieved so 
to exist two such mechanisms, loiown to be mecha- 
nisms comnx>n to certain insulation materials, such as 
pdyurethane. and oonskiered to be most prominent 
are environmental stress crackhig (ESC) and rhetal ion 
induced oxidation (MKD). ESC is characterized by sur- ss 
fetce cracks in the insutatton. bellied to be produced bf 
a combined interaction of the environment (intenial 
Kx)dy fluids) acting on the insutatton. and stress on the 
insulation material. MIO is an accelerated degradatioii 



from reaction with metal ions, such as cobalt ions, chro- 
mium ions or the like, used alone or in alloy form in lead 
conductors. 

Still another preferred characteristic of an insulation 
for implantable lead use is blood surface conrpatibility. 
This relates to the degree in which the surface provided 
by the insulation material contributes to the fonnation of 
blood dots around the lead. An insulation which 
presents a highly blood conrpatible suriace Is one which 
contributes fittle to trfood clot formation. Generally, an 
insulator which provides a highly bkxxi compatible sur- 
face is desirable for. implantable lead applications. 

Another surface phenomenon assodated with 
implant^e leads, and more particularly with the outer 
insulations used in such leads, is the coefficient of fric- 
tion of the insulation in blood. Leads which incorporate 
insulators having a tow coeffk^ent of friction in blood are 
easier to inrplant because such leads more readily slide 
against each other and into veins and arteries. As a 
result, a low coeffident of friction in blood is a preferred 
characteristic for insulators used in forming implantable 
cardiac leads. 

The two vnosX common polymeric materials used for 
outer insulation in implantable leads today are silicone 
and polyurethane. Each type of material exhibits its own 
unique set of positive and negative properties for use in 
implantable cardiac leads. 

Sinoone exhibits superior flexibility. It also is highly 
bk>stable. t)etng essentially impervious to ESC and 
MIO. 

Silicone, however, does exhibit some disadvan- 
tages. For example, silicone has rattier inferfor mechan- 
ical properties. More particularly, it has rather poor 
tensile and wear characteristics. Iri addition. sIBCdne 
does not provkJe a surface which is as compatible in 
blood as some other materials. It also has a mtiier high 
coeffident of friction in blood. 

. Polyurettiane. for use as an insulation in implanta- 
ble cardiac leads, has its own set of advantages. It has 
good mechanical properties in terms of tensile, tough- 
ness and wear characteristics. The mechanical proper- 
ties of polyuretiiane are so good tfiat leads using 
polyurethane as an outer insulation can .be made to 
have thin visulator wall constructions, permitting small 
lead outer diameter dimensions to be detained. It also 
provkles a highly blood-compat&le surface wt^ch can 
minimize dotting. It also has a very low coeffident of 
frk:tion in blood, rendering polyurethane outer insulation 
leads much easier to slide into an artery or vein during 
implantation than, for example, outer insulalton silicone 
leads. 

Polyurethane. however, is rxTt without its disadvan- 
tages for Implantable lead usa It generally is not as 
bipstaUe as other materials, such as silicone. Some 
forms of polyurethane are reportedly especially suscep- 
tible to MIO and ESC. Pdyurethane. in general, and 
some forms of polyurethane specifically, are oonskJered 
to be stiffer than desirable for implantation use. 
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From the foregoing, it can be seen that the prior art 
implantable leads, using either siGcone alone or poly- 
uretharie matenals alone for outer Insulation, have both 
positive characteristics and unavoidable negative char* 
acteristics. Leads incorporating silicone insulatfon are 
comparatively biostable because ^icone is resistant to 
ESC and MIO. On the other hand, they have inferior 
mechanical properties (tensile, toughness and wear) 
and provide a surface having neither high biood surface 
oompatibilrty nor a low coefficient of fnction in tsiood. 
Leads incorporating polyurethane insulation have good 
mechanical properties (tensile, toughness, wear). 
Furtiier. such leads provide a highly bfood-conpatible 
and low coefficient of friction surface. However, poly- 
urethane is not highly biostable and is generally, com- 
paratively stiff. A lead incorporating eitfier material 
. alone is therefore a compromise. 

As will be seen hereinafter, the present invention 
provides a lead for implantation in the human body 
which overcomes the above^oted disadvantages in the 
prior art More particularly, the lead of the present inven- 
tipn provides a composite insulating structure, formed of 
at feast two different materials, resulting In lead peiform- 
ance which capitalizes on all of the advantages of the 
insulating materials utilized while, at ttie same time, 
negating the disadvantages of each of the Insulating 
materials. 

SUMMARY PFTHg INVENTION 

The Invention therefore provides a lead for implan- 
tation in a human body. The lead includes a lead body 
and electrode means carried by the lead body for estab- 
lishing electrical contact with tiie human body The lead 
body includes a conductor contacting the electrode 
means, a first insulation surrourKling and immediately 
acSacent to ttie conductor, and a second Insulation sur- 
rounding and immediately adjacent to ttie first Insula- 
tion. The first insulation and second insulation are 
formed of different Insulating materials. The first insula- 
tion is fonned of silicone and the second insulation is 
formed of poiyurettian& 

BRIEF DESCRIPHQM QPTHg DRAWiMfiS 

Figure 1 Is a side plan view of a first Implantable 
cardiac lead embodying the present inventioa ttie lead 
Including a dngle electrode at ttie distal end ttiereof. 

Figure 2 is a side plan view of a second implantable 
cardiac lead embodying the present inventioa tiie sec- 
ond lead including a pair of electrodes. 

Rgure 3 is a side plan view of a ttiird implantable 
caitfiac lead embodying the present invention, ttie ttiird 
leiad being particulariy adapted for implantation in a 
chamber of the heart 

Rgure 4 is a partial side plan view, wiUi a portion 
broken away, and to an enlarged scale to iflustrate ttie 
composite outer.insulating structure of the leads of Fig- 
ures 1 -3. in accordance witii ttie present invention. 



Figure 5 is a aoss-sectional view, to an enlarged 
scale, taken along lines 5-5 of Rgure 1 . 

DETAILED DESCRIPTION OF THE PREFERRgP 
5 EMBODIMENT 

Refen-ing now to Rgure 1. it illustrates a first lead 
10 errtbodying the present invention. The lead 10 and 
ttie second and ttiird leads 40 and 50. niustrated in Rg- 

10 ures 2 and 3 respectively, are all implantable cardiac 
leads and prinrcmly adapted for use witfi an implantable 
atrial defibrillator/cardiovertor. as desabed. for exanv . 
pie. in U.S. Patent No. 5.350,404, issued on September 
27, 1994. for LEAD SYSTEf^ FOR USE WITH AN 

75 ATRIAL DEFIBRILLATOR AND METHOD, which is 
assigned to the assignee of ttie present invention and 
incorporated herein by reference. As those skilled in the 
art will appreciate, the present invention is equally as 
applicable to any type of implantable lead for use witti 

20 any type of implantable cardiac device, such as pace- 
makers or ventricular defibrillators/ cardioverters, for 
example. 

The lead 10 of Rgure V includes a lead body 12.. 
having a distal end 14 and a proximal end 16, An elon- 

25 gated electrode 1 8 is carried on ttie lead body I2.at ttie 
dislal Old 1 4. A conductor 20 (Rgure 5). in ttie fonn of a 
stylet coil, Is connected to ttie electrode 18 and coiples 
tfie electrode 1 8 to a pin 24 of a connector 22, carried at 
ttie proximal end 16 of the lead 10. The connector 22. 

30 as will be appreciated by ttiose skilled in ttie art, serves 
to couple ttie lead 10. and more specificafly ttie elec- 
bode 18, to internal circuiry of an implantable cardiac 
device, such as an Implantable atrial defforillator/cardio- 
vertor as contemplated herein. 

35 The lead body 12. in addition to ttie corxiuctor 20. 
indudes an outer insulation 26. A section 4 of tiie lead 
body 12 is more particulariy illustrated in Rgure 4. As 
win be noted in Rgure 4. ttie outer insulation 26 includes 
a first insulation 28 and a second insulation 30. By mak- 

40 ing further reference to Rgure 5, it can be seen tfiat ttie 
f irst insulation 28 encircles or sunrounds ttie conductor 
20. and tiie second insulation 30 encircles or surrounds 
ttie fnst insulation 2a Also, ttie frst insulation 28 is 
immediately adjacent to ttie conductor 20. and ttie sec- 

45 ond insulation 30 is immediately adjacent ttie first insu- 
lation 28. In accordance witti ttie embodim^ of Rgyre 
1. ttie first and second insulations are co-extensive, 
fbnning a compose outer insulation structure, extend- 
ing from ttie electrode 1 8 to ttie connector 22. 

so Referring now to Rgure 2, it illustrates a second 
lead 40 embodying ttie present Inventioa The second 
lead 40 is similar to ttie lead 10 of Rgtire 1, except ttiat 
it ondudes a second electrode 42. Hence, like reference 
characters are used in Figure 2 lor like elements as 

55 showninRgure 1. The lead 40 Indudes a lead body 44 
having a distal end 14 and a proximal end 16. An elon- 
gated electrode 18 Is canled on ttie lead body 44 at ttie 
distal end 1 4. The conductor 20 (Rgure 5) connects tine 
electrode 18 to a pin 24a of a connector 22a canied at 
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the proximal end 16 of the lead 40. The second elec- 
trode 42 is carried by the lead txsdy 44 intermediate the 
electrode 18 and the connector 22. As would be appre- 
ciated by those skilled in the art a second conductor 
{npt shown) may be coaxiaay disposed in relation to the 
conductor 20 for coupling tho electrode 42 to a second 
pin 24b of a second connector 22b. The connectors 22a 
and 22b are provided separate from each other so that 
each may be independently coupled to its own corre- 
sponding connector socket of an implantable cardiac 
device, such as an Implantable atrial defbrillatdr/ cardi- 
overtor as contemplated herein. 

The outer insulation 26 extends from a bifurcation 
44 to the secortd electrode 42. and from the second 
electrode 42 to the first electrode 18. Also, the outer 
insulation 26 preferably takes the form, as illustrated in 
Rgures 4 and 5. to include the f irst insulation 28 and the 
secorxj insulation 30. Hence, it is preferred that the first 
and se<X}nd insulations 28 and 30 be co-extensive 
between the bifurcation 44 and the electrode 42. and 
between the electrode 42 and the electrode 18. How- 
ever, in accordance with broader aspects of the present 
invention/the second insulation 30 may be segmented 
to cover selected portions of the lead 40 to serve as one 
or more protective sleeves In doing so. the first insula* 
- tion 28 would be relied upon for providing electrical 
insulation and biostabOity. The protective sleeves, on 
the other hand, may be relied upon for their mechanical 
properties, such as abrasive wear resistance. 

The lead 10 of Figure 1 and the lead 40 of Figure 2. 
as descrbed In the aforementioned U.S. Patent Ho. 
5,350.404. are particularly adapted for or^antation in 
the coronary sinus arxJ great cardiac vein of the heart to 
dispose the electrode 18 in the coronary sinus and 
great cardiac vein adjacent the left atrium. As also 
taught in the aforementioned i^erenced patent, a pre- 
fenred path for implanting the leads 10 and 40 extends 
down the superior vena cava, into ttie right atrium, 
through the ostium of the coronary sinus, into the coro- 
nary sinus^ and to the great cardiac vein to place ttie 
electrode 18 in the coronary sinus and great cardiac 
vein of the heiart. Wrth respect to lead 40. the electrodes 
18 and 42 are preferably displaced on the lead body 44 
such that whei tiie electrode 1 8 is in the coronary sinus 
and great cardiac vein, the electrode 42 resides in ttie 
right atrium. 

The lead SO. illustrated/m Rgure 3 and to which ref- 
erence is new directed, is particularly adapted for 
implantation in the right atrium of ttie heart for use in 
atrial cardloveision/defibrillation in conjunction witti ttie 
first lead 10 of Figure 1. The lead 50 includes a lead 
body 52 having a distal end 54 and a proximal end 56. 
Ah elongated electrode 58 is canried on ttie lead t)ody 
52 at the distal end 54. A conductor, such as the con- 
ductor 20 (Figure 5). couples ttie electrode 58 to a pin 
64 of a connector 62 at ttie proximal end 56 of ttie lead 
body 52. The lead 50 may be inplanted by being fed 
down ttie superia vena cava to the right atrium. This 
places ttie electrode 58 in ttie right atrium. To assist in 



anchoring the lead 50 in ttie right atrium, ttie distal end 
54 includes a helical projection 60 for anchoring ttie dis- 
tal end 54 of the lead in a manner Known in the art 
The lead body 52 includes a composite outer insu- 

5 lation 26 extending proximally from ttie electrode 58. 
and preferably having ttie construction shown in Rgures 
4 and 5. To ttiat end. ttie first insulation 28 extends from 
ttie electrode 58 to ttie connector 62 while ttie second 
insulation 30 extends proximally from ttie electrode 58 

10 and terminates at a point intermediate ttie electrode 58 
and the connector 62. Alternatively, ttie second insula- 
tion 30 may be configured to extend co-octensively witti 
ttie first insulation 28 so as to also extend from the elec- 
trode 58 to the connector 62. 

15 With respect to the composite insulation structure 
26 of leads 10. 40 and 50. and in accordance witti ttse 
present invention, the first insulation 28 and the second 
insulation 30 are formed of cfifferent insulating materi- 
als, not including different compositional variations of 

20 ttie samis type material, as described, fipr example, in 
U.S. Patent No. 5,375.609. For example, the first insula- 
tion is preferably formed from silicone, such as Silicone 
Q7-4765, manufactured by Dow Corning Co. of Mid- 
land. Ml, or MED-4765. manufactured by NuSil Technol- 

2S ogy of Carpenteria. CA. and ttia second insulation is. 
preferably formed from polyurettiane having a durome- 
ter of. for example, 550, such as Pellettiane 2363-55D. 
manufactured tiy Oow Chemical Co. of Midland, Ml. As 
used hereia ttie temi "silicone' is meant to relate to any 

30 of ttie versions of silicone rubber polymers suitable for 
'^plantation. Alsa as used herein, ttie term "poly- 
uretfiane" is meant to relate to any of ttie versions or 
family types of polymers, known generically as poly- 
urettianes, which are suitable for implantation. 

35 The silicone first insulation preferably has an outer 
diameter of 0.061 inch and a wall ttiickness of 0.012 
inch. The polyurethane second insulation preferably has 
an outer diameter of 0.079 incfi, and a wail ttiickness of 
0.006 inch. The polyurethane insulation tutting may be 

40 disposed oyer ttie sOioone insulation tubing by first coat- 
ing ttie outer, surface of ttie silicone tubing witti isopropyl 
alcohol to reduce ttie friction of ttie silicone to poly- 
urettiane, and ttien quicKty sliding the polyurettiane tut>r 
ing over ttie siGcone. 

45 Silicone, as prevfously mentioned, is more biosta- 
Ueihanpotynistban^Asfascesul^^ 
lation 28 will provide both biostability arxl electrical 
insulation for ttie leads. Hence, ttie leads 10. 40 and 50 
capitalize on ttie btostabUity characteristics of the sifi- 

50 cone insulation. At ttie same time, the rattier inferior bio- 
degradation characteristics of ttie polyurethane 
insulation 30 are mtnirrized or negated because the sil- 
icone insulation 28 protects ttie polyurettiane insulation 
30 from the biodegradation effects of failure mecha- 

55 nisms, such as MIO. 

In addition, because ttie waB ttiickness of ttie siG- 
cone first insulation 28 is greater ttian ttie wail thickness 
of ttie polyurettiane second insulation 30, and t>ecause 
ttie flexibility of a lead is largely dependent upon ttie 
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flexibility of its outer insulation, the leads 10, 40 aixl 50 
will hav^e a flexibility which is only slightly less than the 
flexibility of siOcone alone, and which is much greater 
than the flexibility of commonly used potyurethanes 
alone at comparable thicknesses. As a result the leads 
10. 40 arxf 50 capitalize on the flexibility of the silicone 
insulation wNch, at the same time, negates the inflexi- 
b9ity of the pplyurethane insulation. 

In addition, the polyurethane second insulation 30 
will preserit a highly compatible surface to the blood. As 
a result the leads 10. 40 and 50 will capitalize on the 
Wood surface compatibility characteristics of the poly- 
urethane insulation, while negating the rather poor 
blood surface compatSMllty characteristics of the sili- 
cone tnsulatioa 

Similarly, the polyur^ane second insulation 30 
capitalizes on its greatly lower coefficient of friction in 
blood arxl negates the much higher coefficient of friction 
in blood of silicone. In fact, it has been reported in the lit- 
erature that the coefficient in blood of silicone is nearly 
twenty times the co^ictent in blood of polyurethane. As 
a result the present invention results in a lead which 
slidesmuch more readily in an artery or vein, or against 
other leads, during implantation, as compared to a lead 
having silicone insutation alone. 

In addition to all of the foregoing, the resulting leads 
10. 40 and 50 also capitalize upon the durability of the 
polyurethane insulation in terms of tensile, toughness 
arxl wear characteristics. Because the polyurethane is 
the outermost insulation, these characteristics are capi- 
talized upon wttile the rather poor characteristics of sili- 
oone. Jn terms of tensile, toughness and wear 
characteristics, are negated. 

Lastly, because the silicone first insulation 28 pro- 
vides resisfance to biodegradation and dectrical isofa- 
tion, polyurethanes of softer durometer may be utilized 
to advantage as the second insulation 30 in accordance 
with the presient invention. Polyurethanes having a 
durometer of. for example, BOA. which are softer than 
polyurethanes having a durometer of, for example. 550, 
may be utilized in the second insulation 30. While poly- 
urethanes of softer durometer generally are more sus- 
ceptible to ESC and MKD. by being the most outer 
insulation layer, these insulations will be protected from 
MIO by the inner silicone insulation. Even if the outer 
insulation^O^ODldideKelopiccacksidue:^^^ 
ESC, the lead wiD still /etain its superior mechanical 
characteristics while the first insulation 28 continues to 
provide biostabiCty and electrical isolation. As a result 
implanlable lead constructions having improved com- 
bined characteristics, including f lexibOity, resistance to 
wear, ease of inplant bkxxJ surface oonrpatib9ity and 
biodegradation, are rendered possOsle by the present 
invention. 

While particular embodiments of ttie present inven- 
tion have been shown and described, nvxiifications may 
be made. 

For example, the present invention applies equally 
as well to inrtplantable leads having one or more lumene 



for coupling lead electrodes to lead connectors. As a 
result it is intended in the appended daims to cover all 
such cfianges and modifications which fail within the 
tme spirit and scope of the invention. 

5 

Claims 

1. A lead (10: 40; 50) for implantation in a human 
body, ttie lead: 

10 

Inducting at least one electrode (18: 42: 58),at 
least one conductor (20) contacting the at least 
one electrode, and an outer insulation (26). the 
lead being characterized by ttie outer insulator 
IS including a first insulation (28) encircling the at 

least one conducta, and a second insulation 
(30) encircling the silicone insulation, the first 
and second insulations being formed of differ- 
ent insulating materials. 

20 

2. The lead of daim 1 further characterized by the first 
insulation being formed of ^licone and the second 
insulation being formed of polyurethane. 

25 3. The.lead_of claim 2 further characterized by the 
length dimension of the silicone insufation being 
coextensive. with the length dimension of the at 
least one conductor. 

30 4. The lead of claim. 2 further characterized by the 
length dimension of ttie polyurethane Insulation 
being smaller than thia length dimension of the silh 
cone insulation. 

3S 5. The lead of claims 2, 3. and 4 further, characterized 
t>y ttie at least one electrode being a distal elec- 
trode (18: 58) and ttie pdyurettiane Insulation 
extending proximally from the distal electroda 

40 6. The lead of claim 2 further characterized by ttie 
lead (40) including a proximal end (14). adistal end 
(16) and a connector (44) at the pnu^nal end. ttie 
at least one electrode including a first electrode (18) 
at ttie distal end and a second electrode (42) inter- 

45 mediate ttie connector (44) and ttie first electrode 
(i:8),:an±tha6ilioone insulation and thqouter insu- 
lation (26) extending from ttie connector (44) to ttie 
second electrode (42) and from the second elec- 
trode (42) to the forst electrode (18). 

50 
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